Abstract
changes in community composition, occurrence of nuisance and toxic species resulting from 23 changes in nutrient ratios, and increased duration and frequency of blooms resulting from 24 increases in nutrient loads (Ferreira et al. 2011) . 25 Eutrophication in marine waters has been a management concern in Europe over recent 26 decades. Legislative frameworks have been set up, including the Water Framework Directive 27 (WFD) and the MSFD on transitional and marine waters. Moreover, several other EU 28 Directives are aimed at reducing nutrient loads and impacts. These include the Nitrates 29 Directive ( In these European and international framework EEA has set up an indicator based on in-situ 6
Chl-a trends to monitor eutrophication in the European seas; this is referred to as CSI023 7 (Chlorophyll in transitional, coastal and marine waters) in the EEA system. For a complete 8 overview of the indicator, please refer to the following web site: 9 http://www.eea.europa.eu/data-and-maps/indicators/chlorophyll-in-transitional-coastal-10 and/chlorophyll-in-transitional-coastal-and-2. 11
The objective of the CSI023 indicator is to demonstrate the effects of policy measures taken 12 to reduce loading of nitrogen and phosphates from rivers that affect primary production 13 biomass in the coastal zones. CSI023 is calculated from Chl-a in-situ profiles estimated by 14 fluorometer and averaged in the summer 1 and in the first 10 metres of depth. The CSI023 is 15 defined as the significant increasing or decreasing temporal trend for each station. 16
The last EEA assessment was performed in July 2011, and its results are presented in terms of 17 concentration of Chl-a in the European seas and CSI023 from 1985 to 2009. 18 The in-situ Chl-a estimates are provided to the EEA through the Eionet network 19 (http://www.eionet.europa.eu/). Measurements using fluorometers are given at selected 20 coastal stations, providing an accurate measure of Chl-a, although with a low temporal and 21 spatial resolution. A second problem related to in situ Chl-a is poor coverage, especially in 22
Southern European seas, and we have therefore identified the challenge of integrating the in-23 situ dataset with ocean-colour products to complement the former and provide EEA and 24
Member States with valuable information for eutrophication assessment. 25 Measurements using satellite radiometers of water-leaving radiance in the visible range 26 (ocean colour) can today be used to determine Chl-a concentration, which is an indicator of 27 4 algal photosynthetic activity and thus related to phytoplankton biomass. Chl-a can now be 1 estimated from ocean-colour data at daily frequencies and 250m horizontal resolutions. June 1997, finally, SeaWiFS, only started in 1997. 8
Estimation of Chl-a from ocean colour is an integral value over the e-folding scale of light in 9
water. The optical properties of oceanic waters can be classed into Case 1 or Case 2 waters 10 (Morel and Prieur, 1977; Gordon and Morel, 1983; Prieur and Sathyendranath, 1981) . By 11 definition, Case 1 waters are those in which phytoplankton (with their accompanying and co-12 varying retinue of other material of biological origin) are the principal agents responsible for 13 variations in optical properties of the water. On the other hand, Case 2 waters are influenced 14 not only by phytoplankton and related biological particles, but also by inorganic particulate 15 and dissolved material. The water-leaving radiance of shelf and coastal waters is significantly 16 influenced by suspended inorganic particulate and dissolved material, making the retrieval of 17
Chl-a from a unique algorithm, from the open ocean to the coasts, less accurate. In 18 conclusion, Case 1 optical properties can be modelled as a function of Chlorophyll-a 19 concentration only, while the simplicity of single-variable models has to be abandoned when 20 dealing with Case 2 waters. At least three relevant quantities (phytoplankton, suspended 21 inorganic materials and yellow substances, and perhaps even bottom reflectance) can vary 22 independently of each other, and specific algorithms related to optical water properties should 23 be used. In shelf and coastal waters, Case 2 waters, suspended inorganic matter and yellow 24 substances (colored organic dissolved matter, CDOM) significantly influence the water-25 leaving radiance, making the retrieval of Chl-a from satellites less accurate. However, the 26 CDOM information is important and should be used in the future as a new indicator of river 27 influence in coastal areas. In our analysis we used global and regional (adjusted to specific 28 regional Mediterranean conditions) ocean-colour products, both developed for Case 1 waters 29 because only these types of products were available. 30
The analyses of derived apparent optical properties temporal variability in European seas are 31 conducted in Vantrepotte and Melin 2010 on the SeaWiFS dataset (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) and the In this work we used three different MyOcean ocean-colour datasets (Table 1) The first dataset 'Global Ocean GSM -MyOcean' was developed within the framework of 26 GlobColour (www.globcolour.info) and is regularly produced and distributed by the Global 27
Monitoring for Environment and Security (GMES) MyOcean project. This product is a multi 28 sensor merged products based on SeaWiFS, AQUA and MERIS data available from 29
MyOcean at 4 km resolution. The Global Ocean GSM -MyOcean has been produced using 30 6 the bio-optical model-based merging procedure (Maritorena et al. (2002) and Maritorena and 1 Siegel (2005) ), which combines the normalized water-leaving radiances from different sensor 2 data sets. Over each particular pixel of a geographical grid common to SeaWiFS, AQUA and 3 MERIS, the spectral water-leaving radiance, NLw(λ) spectra from the available sensors at that 4 pixel are selected and combined in a single, multi-source, spectrum which is then used in the 5 inversion of the GSM01 semi-analytical ocean colour model (Maritorena et al., 2002) . The 6 use of these three sensors contributes to reduce data gaps increasing the coverage over ocean 7 by a factor, which is nearly twice that of any single mission's observations (Maritorena et al., 8 2010) . The Global Ocean GSM -MyOcean products have been validated by Maritorena et 9 al (2010) and by comparing them to the data sets obtained from individual missions. This 10 product has been available since September 1997 and the time-series is constituted of daily 11 products delivered by MyOcean with a one-month delay. Since this product is updated 12 monthly and is based on L2 input data proved by the space agencies therefore there is no 13 guaranty that the configuration is unchanged. In particularly, the NASA MODIS L2 14 processing has been switched from R2009.1 to R2010.0 in June 2011 and the MERIS L2 15 processing switched from the 2 nd to the 3 rd MERIS reprocessing in autumn of 2012 (see 16 MYO-OC-PUM-available on line at www.myocean.eu). 17
The second dataset is the 'Global Ocean SeaWiFS RAN -MyOcean' Chl-a dataset. The 18 full SeaWiFS time series reprocessed a consistent time series of L2 input data and using 19 OC4-V4 algorithm for chlorophyll retrieval. This MyOcean product is associated with the 20 latest reprocessing performed by NASA for SeaWiFS using SeaDAS 6.1 software. Temporal 21 characteristics: this dataset comprises of standard mapped image monthly mean global sea 22 surface chlorophyll-a maps at 9km resolution (L3 product) and is distributed by the GMES 23
MyOcean project. The quality of this product has been evaluated in the framework of 24
MyOcean (Melin 2011). 25
The last satellite dataset is the 'Med Regional SeaWiFS RAN -MyOcean' is the 26 Mediterranean regional product based on SeaWiFS data and using the Mediterranean regional 27 ocean colour algorithm for chlorophyll retrieval (MedOC4, Volpe et al., 2007) . The MedOC4 28 algorithm has been validated with a large in-situ bio-optical dataset for the Mediterranean 29 area, and its performance has been compared with global algorithms such as OC4v4 for 30
SeaWiFS, and the results show that MedOC4 is the best algorithm for satellite chlorophyll 31 estimates in the Mediterranean (Volpe et al., 2007) . The Med regional SeaWiFS RAN has 32 been produced at once reprocessing the entire SeaWiFS L1 time series with a single software 1 configuration and using the latest version of calibration and ancillary data using the 2 SeaWiFS Data Analysis System (SeaDAS) software package version 6.1 available from 3 NASA website (seadas.gsfc.nasa.gov). The complete description of MyOcean Mediterranean 4 processing system and results on the product validation see Volpe et al (this issue). The 5 product was obtained from MyOcean and CNR. 6 It is important to underline that the three MyOcean products are calibrated for open ocean 7 waters and not specifically for coastal waters, and a lower performance in the coastal zone is 8 therefore to be expected. . The complexity of optical properties of the European coastal zone 9 requires the use of specialized local algorithm and processing system that are presently not 10 available, therefore we used the MyOcean global and regional products to investigate trends 11 in both open ocean and coastal areas of the European Seas. The availability of in situ coastal 12 data will be use at posterior to check potential use of MyOcean ocean colour products to 13 estimate trends also in the coastal waters. 14 The analysis of trends in ocean colour products has to consider the way these products have 15 been created. For a series based on one sensor, this means making sure that the series has 16 been created with one processing chain, including a consistent calibration table and 17 calibration history (Sun et al 2008 , Eplee et al., 2009 , Meister et al. 2012 . This applies to the 18
Med Regional SeaWiFS RAN -MyOcean and to Global Ocean SeaWiFS RAN -19

MyOcean. 20
Potential problems of GSM product are: the use of L2 data provided by the space agencies at 21 the time of the operation update of the dataset that does not ensure the complete consistency 22 of the time series and the method does not account for a specific inter-bias calibration effort in 23 the production of the merged datasets. 24
To evaluate the problem and the differences that the Global Ocean GSM -MyOcean 25 products may show in the estimation of the Chl-a trends we have performed a specific 26 analysis using SeaWiFS reprocessed dataset from 1998 to 2009. This analysis is presented in 27 terms of summer chl-a trends for the European Seas calculated from the Global Ocean GSM 28 -MyOcean and from the Global Ocean SeaWiFS RAN -MyOcean dataset. 29 The results of this analysis are presented in Figure 2 in The first dataset, Global Ocean GSM -MyOcean, is obtained using GSM algorithm (Maritorena et al., 2002; Maritorena and Siegel, 2005) . One of the major characteristics of the product is that it combines normalized water-leaving radiances from different satellite-sensor datasets (Maritorena et al., 2010) . Over each particular grid point of a geographical grid common to SeaWiFS, AQUA and MERIS the radiance of each sensor is combined and it is used to invert a semi-analytical model of Chl-a (Maritorena et al., 2002) . This product has been available since September 1997 and the time-series is constituted of daily products delivered by MyOcean with a one-month delay. In this work we have performed analysis of ocean-colour data for the period 1998-2009. The second dataset, Med Regional SeaWiFSMyOcean and CNR, is the Mediterranean product produced with the regional algorithm MedOC4 (Volpe et al., 2007) from the SeaWiFS sensor only. The MedOC4 algorithm has been validated with a large in-situ bio-optical dataset for the Mediterranean area, and its performance has been compared with global algorithms such as OC4v4 for SeaWiFS, and the results show that MedOC4 is the best algorithm for satellite chlorophyll estimates in the Mediterranean (Volpe et al., 2007) . This product was accessed in two consistent time series: the first covered the period January 1998-December 2004 and is delivered by MyOcean and is constituted by daily fields of Chl-a, while the second covers the period [2004] [2005] [2006] [2007] and is delivered by CNR and is constituted by monthly mean of Chl-a. The SeaWiFS regional product for the period [2004] [2005] [2006] [2007] was still covered by a commercial licence and was not distributed by MyOcean at the time we accessed the data. The MedOC4 algorithm is tested and valid up to values of 10 mg m -3 of Chl-a and therefore we have decided to mask the Chl-a data that were higher than this value.
Eliminato: Mediterranean and global GSM Eliminato: Figure 2 2.1.2 In-situ data sources 1
To validate the Global Ocean GSM -MyOcean and the Med Regional SeaWiFS RAN -2
MyOcean daily satellite products we used the in situ data collected in the framework of EEA-3 Eionet databank and distributed by ICES. The data consists of Chl-a profiles collected in 4
European Seas. The in-situ dataset selected for this paper cover the period 1998-2009 and 5 contains, after the removal of duplicates, 103170 profiles. For the comparison with the 6 satellite dataset we have selected the in situ daily profiles that had a corresponding satellite 7 data by regrinding the in situ data on the two satellites grid Global Ocean GSM -MyOcean 8 and the Med Regional SeaWiFS RAN -MyOcean. The total corresponding in situ and 9
Global Ocean GSM -MyOcean data are 8910. 10
In the case of the satellite regional product Med Regional SeaWiFS RAN -MyOcean in 11 order to perform the comparison between point in-situ observations and ocean-colour data we 12 decided to search in a surrounding area of 4 grid points around each single in situ observation. 13
The MedOC4 algorithm is tested and valid up to values of 10mg m −3 of Chl-a and therefore 14 we have decided to mask the Chl-a data that were higher than this value. 15
The total corresponding in situ and Med Regional SeaWiFS RAN -MyOcean data are 16 13611. 17 Table 2 presents the principal information on the in-situ dataset used in the comparison with 18 the two satellite products. To calculate summer values first the monthly mean is calculated and then summer values are 10 computed. A threshold on the minimum number of days required to create a valid monthly 11 value is fixed at the level of 10 days. 12
Trend values ((mg m -3 ) yr -1 )) are estimated using Sen's slope method (Sen, 1968; Gilbert, 13 1987; El-Shaarawi et al., 2001) for each grid point Chl-a time series. 14 For each grid point Sen's method calculates the slope of all data value pairs: 15 
22
2 In each figure of the paper the Sea of Azov has been masked because it is very shallow (maximum 15 metres depth) and ocean-colour products would be strongly affected by bottom reflectance; the White Sea has been masked because it was out of our domain of interest. 3 The Global Ocean GSM -MyOcean product is described in Section 2.1.1
4 Chl-a areas are defined in Section 2.4. 5 The Med Regional SeaWiFS RAN -MyOcean dataset is described in Section 2. Eliminato: Figure 1 Eliminato: ve
Eliminato: and CNR
Sen's estimator of slope is the median of these M values of Q. For each grid point the M 1 values of Q are ranked from the smallest to the largest and Sen's estimator is: 2
if M is even; 6 7 A Mann-Kendal statistics check (Salmi et al., 2002; Gilbert, 1987 ) is applied to each Chl-a 8 grid point to identify the statistically significant trends values at a 95% confidence level. 9
Chl-a standard deviation (STD) values are calculated using a non-parametric approach (68% 10 confidence interval is considered as 2σ). Non-parametric Sen's slope (Sen, 1968; Gilbert, 11 1987; El-Shaarawi et al., 2001 ) is normalized by the non-parametric Chl-a STD values of 12 each grid point, so that CSI023 (+) is then calculated as: 13
The units of CSI023 (+) 
n is the number of summers values at this grid point; Xi is the summer mean Chl-a concentration at year i; € x is the multi-year summer mean Chl-a concentration.
SLOPE is then normalized by the Chl-a STD values of each grid point so that CSI023 (+) is then calculated as:
Eliminato: 4
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Chl-a areas description. 1
In the Mediterranean Sea, where a regional ocean-colour product at high spatial resolution 2 was available, a special application of CSI023 (+) was performed for the period 1998-2009. 3 This application uses the concept of 'Chl-a areas', defined on the basis of river basins and 4 political borders, where Chl-a trends are calculated. This method makes use of the high 5 spatial resolution of the colour images and thus produces a more robust trend estimate than 6 the pan-European trend indicator. 7
Chl-a areas were defined in the Mediterranean (68 Chl-a areas), using information on the 8
River Basin Districts (RBDs), and political borders when RBDs were not defined. Moreover, 9 18 7 open-ocean sub-basins were identified in the Mediterranean and used to design the Chl-a 10 areas. When possible, within each Chl-a area two sub-areas are defined: a coastal one ( In-situ Eionet observations are re-gridded on the satellite products spatial grids (1/24° when 1 using the Global Ocean GSM -My-Ocean and 1km*1km when using Med Regional 2
SeaWiFS RAN -MyOcean). 3
In the comparison between Global Ocean GSM -My-Ocean and in-situ data we have 4 proceed as following: for each in situ data of a specific day we check if there is a 5 corresponding satellite daily data for that specific day. Then we build a datasets of daily 6 mach-up in situ and satellite data. Finally summer and annual mean values are calculated by 7 averaging all the corresponding (same day) in situ and satellite data for that summer and year 8 respectively. Summer and yearly mean satellite values are then compared with the 9 corresponding in situ values. 10
In the case of the Med Regional SeaWiFS RAN -MyOcean and in-situ data comparison we 11 enlarged the space window in which we search for the corresponding satellite and in situ data 12 because the coverage of the regional product is lower than the one of the Global merged 13 product. In order to perform the comparison we decided to search in a surrounding area of 4 14 grid points around each single in situ observation. Then we build a datasets of daily mach-up 15 in situ and satellite data. Finally summer and annual mean values are calculated by averaging 16 all the corresponding daily in situ and satellite data for that summer and year respectively. 17
Summer and yearly mean satellite values are then compared with the corresponding in situ 18
values. 19
The MedOC4 algorithm is tested and valid up to values of 10mg m −3 of Chl and no higher 20 values are present in the satellite dataset. Therefore we have decided to remove from the 21 comparison the in situ Chl-a data that were higher than this value. 22
The number of corresponding in-situ and ocean-colour daily values for the different satellite 23 products is reported in Table 2 . 24
The number of corresponding summer and annual mean values used in the comparison are 25 reported in Table 3 together with the validation results. 26
We did not compare Global Ocean SeaWiFS RAN-MyOcean, because only monthly 27 ocean-colour values were available. 28
In some locations the ocean-colour products differ greatly from the in-situ observations; one 29 reason could be that in some cases in situ data quality could be low (i.e. problem with 30 calibration of instruments is expected due to the large number of data providers; some 31 Eliminato: When using the Global Ocean GSMMyOcean at a spatial resolution of 1/24 deg the insitu Eionet observations are averaged to 1/24 * 1/24 deg. Global Ocean GSM -MyOcean data are compared with corresponding in-situ data collected on the same day. The number of corresponding insitu and ocean-colour daily values for the Global Ocean GSM -MyOcean product in the summer period is 5470.
Eliminato: Corresponding daily in-situ and oceancolour data are averaged in the summer and then compared. When using the Med Regional SeaWiFSMyOcean, validation was done using monthly Chl-a values, since only monthly ocean-colour values were available for the period [2004] [2005] [2006] [2007] . When using the Med Regional SeaWiFS -MyOcean, in order to perform the comparison between point in-situ observations and monthly ocean-colour data we decided to search, within the selected month, for insitu data in a surrounding area of 5km * 5km around each single satellite observation; then the identified in-situ observations were averaged to 5km * 5km bins. The number of corresponding in-situ and ocean-colour monthly values for the Med Regional SeaWiFS -MyOcean and CNR product is 7822. The data treatment of the Global Ocean GSMMyOcean and Med Regional SeaWiFSMyOcean and CNR differs because of the time and spatial resolution differences of the two datasets.
Eliminato: are geographical coordinates of the single profiles were provided without precise rounding at the 1 minutes value, and therefore with possible uncertainties on the geographical location of the 2 sampling position) and this information is not provided with the Eionet datasets (i.e. data are 3 not flagged for different quality levels). Moreover as explained in paragraph 2.1 ocean colour 4 data used in this paper are based upon open ocean algorithms and therefore they are not as 5 accurate as needed in the very coastal zone where part of the in situ data have been collected. 6
For this reason we expect that the validation will be worse in some coastal regions. 7
Global Ocean GSM -MyOcean product validation results is presented in Figure 6 to 10, 8 while Med Regional SeaWiFS RAN-MyOcean product validation is presented in Figure 9 . 9
The correlations were performed taking the logarithm on a decimal basis of the Chl-a values. 10
The validation results are presented in Table 3 . 11
The correlation between in-situ data and Global Ocean GSM -MyOcean ocean colour Chl-a 12 concentration is relatively high (r 2 =0.53) when analysis is carried out using all the data 13 covering the entire European seas domain (Figure 6 and RMSD equal to 6,80 (mg m -3 ) in the annual analysis (5,99 (mg m -3 ) in the summer 31 analysis). The Baltic Sea ( Figure 8 ) the correlation drops noticeably (r 2 equal to 0,02 in the 32
Eliminato: without rounded at the minutes value Eliminato: We therefore decided to eliminate the data from both in-situ and ocean-colour datasets when the difference among them was more than five times Eliminato: . These values are eliminated from the dataset that is then used for the CSI023 (+) and climatology calculations and the validation. This filtering is possible because data are abundant enough and because Eliminato: can only be done if the values are compatible Eliminato: After this filtering, 4584 corresponding data remained for Global Ocean GSM -MyOcean. In the case of Med Regional SeaWiFS -MyOcean and CNR, dataset masking was applied to monthly values and after this filtering the remaining data were 6156.
Eliminato: Different validation tests were performed, and the results are presented in Figure 4 to Figure 15 . Tests 1, 2 and 3 were performed using Global Ocean GSM -MyOcean products, while Test 4 was performed using Med Regional SeaWiFS -MyOcean and CNR products. The correlations for Tests 1 and 4 were performed taking the logarithm on a decimal basis of the Chl-a values.
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2 is equal to 0.6), while for the
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14 annual analysis and 0,15 in the summer analysis) and Bias is equal to 1,55 (mg m Figure 9 ) 5 and 0,36 in the yearly analysis, which are higher than that observed with the Global Ocean 6 GSM -MyOcean data ( Figure 7 and Table 3 Figure  18 10 and in a map in Figure 11 . 19
Results show that there are 16 locations in which both satellite and in situ products detect 20 positive trends, 17 locations in which both satellite and in situ products detected negative 21 trends, 6 locations in which in situ products detect positive trends while satellite products 22 detect negative trends and 9 locations in which in situ products detected negative trends while 23 satellite products detected positive trends. Position of the locations were trends are identified 24 is shown in Figure 11 together with the trend slope and significance level. Even if the satellite 25 products are able to capture the sign of the in situ trend in the majority of the stations (68%) 26 the intensity of trends is not well capture by the satellite products. 27
The satellite and in-situ chl-a trends comparison is not performed at the level of 28 Eliminato: Figure 15 Eliminato: is Eliminato: Figure 4 In the Mediterranean when a regional ocean-colour product at high spatial resolution was 10 available a special application of CSI023 (+) about 52% of Chl-a areas do not show significant trends (i.e., significant trends found for less 17 than 10% of the grid points in each area). Increasing Chl-a trends (i.e., found for equal or 18 more than 10% of the grid points in each area) were detected in 9% (12) ... [2] ... [3] 
Conclusions 1
The CSI023 (+) indicator based on ocean colour products has been developed to contribute to 2 the state-of-the-environment assessment and, in particular, the monitoring of eutrophication 3 trends. The comparison of Chl-a concentrations and trends estimated through remote sensing 4 with in-situ ones has been performed. The comparison presented shows that the global ocean-5 colour algorithm seems to underestimate Chl-a concentration (Figure 1) . To evaluate the 6 performance of satellite products to estimate Chl-a trends at Pan-European Scale we have 7 compared different satellite products (i.e. Global Ocean GSM -MyOcean and Global 8
Ocean SeaWiFS RAN -MyOcean) and we found that in general the intensity of trends of 9 detected using SeaWiFS time series are higher with the GSM once, but GSM and SeaWiFS 10 trends show similar patterns. The differences highlighted by this comparison in the northern 11
Baltic Sea point out the lower confidence of the satellite products in detecting chl-a trends in 12 (Table 3 and Figure 9 ), but further investigations need to be performed to 30 compare the trends at the level of Chl-a areas as well when more coastal in situ chl-a time 31 series will be available and when new satellite products produced with coastal algorithm will 32 <#>Validation against in-situ data The validation of the ocean-colour products used to calculated CSI023 (+) is presented in Table 2 . The method consists of comparing the ocean-colour products with in-situ values from the EEA-Eionet databank. When using the Global Ocean GSMMyOcean at a spatial resolution of 1/24 deg the insitu Eionet observations are averaged to 1/24 * 1/24 deg. Global Ocean GSM -MyOcean data are compared with corresponding in-situ data collected on the same day. The number of corresponding insitu and ocean-colour daily values for the Global Ocean GSM -MyOcean product in the summer period is 5470. Corresponding daily in-situ and ocean-colour data are averaged in the summer and then compared. When using the Med Regional SeaWiFSMyOcean and CNR, validation was done using monthly Chl-a values, since only monthly oceancolour values were available for the period [2004] [2005] [2006] [2007] . When using the Med Regional SeaWiFSMyOcean and CNR, in order to perform the comparison between point in-situ observations and monthly ocean-colour data we decided to search, within the selected month, for in-situ data in a surrounding area of 5km * 5km around each single satellite observation; then the identified in-situ observations were averaged to 5km * 5km bins. The number of corresponding in-situ and ocean-colour monthly values for the Med Regional SeaWiFSMyOcean and CNR product is 7822. The data treatment of the Global Ocean GSMMyOcean and Med Regional SeaWiFSMyOcean and CNR differs because of the time and spatial resolution differences of the two datasets. In some locations the ocean-colour products are differ greatly from the in-situ observations; one reason could be that in some cases in situ data quality could be low (i.e. problem with calibration of instruments is expected due to the large number of data providers; some geographical coordinates of the single profiles were provided without rounded at the minutes value) and this information is not provided with the Eionet datasets (i.e. data are not flagged for different quality levels). Moreover as explained in paragraph 2.1 ocean colour data used in this paper are based upon open ocean algorithms and therefore they are not as accurate as needed in the very coastal zone where part of the in situ data have been collected. We therefore decided to eliminate the data from both in-situ and ocean-colour datasets when the difference among them was more than five times. These values are eliminated from the dataset that is then used for the CSI023 (+) and climatology calculations and the validation. This filtering is possible because data are abundant enough and because the validation can only be done if the values are compatible. After this filtering, 4584 corresponding data remained for Global Ocean GSM -MyOcean. In the case of Med Regional SeaWiFS -MyOcean and CNR, dataset masking was applied to monthly values and after this filtering the remaining data were 6156. Different validation tests were performed, and the results are presented in Figure 4 to Figure 15 . Tests 1, 2 and 3 were performed using Global Ocean GSM -MyOcean products, while Test 4 was performed using Med Regional SeaWiFSMyOcean and CNR products. The correlations for Tests 1 and 4 were performed taking the logarithm on a decimal basis of the Chl-a values. The correlation between in-situ data and Global Ocean GSM -MyOcean ocean colour Chl-a concentration (Test 1) is high (R 2 =0.8) when analysis is carried out using all the data covering the entire European seas domain (Figure 4) , at the basin scales as expected correlation values are lower, for the Mediterranean (Figure 5 ), North Sea ( Figure 6 ) and North-East Atlantic (Figure 8 20 be available. Validation should continue in the future, perhaps with a dedicated data-1 collection exercise. Chl-a area analysis offers the user the possibility of synthesizing 2 CSI023(+) information and focuses attention on coastal areas. The analysis has also revealed 3 the need for regional ocean-colour products to be available to develop support of the EEA 4 indicator, as well as the fact that there is potential in a long-term trend analysis based on 5 ocean colour, as large-scale, and in some cases even regional-scale, changes appear to be 6 captured by the satellite images. It is clear, however, that in order to build confidence in this 7
analysis it needs to be based on the best possible regional products. As not all the used 8
MyOcean products consist of complete reprocessed data, it is planned that as soon as new 9 regional datasets are available they will be used to calculate CSI023 (+). 10
Although Global Ocean GSM -MyOcean and Med Regional SeaWiFS RAN -MyOcean 11 and CNR were available as daily products, not all the information from ocean colour has 12
been used yet because CSI023 (+) uses summer mean values in analogy with classical in-situ 13 CSI023. However, for the future we plan to use full daily satellite Chl-a estimate resolution 14 to evaluate changes in the statistical significance of the results. Table 1 Overview of ocean-colour data products used in the calculation of CSI023 (+). 1 Eliminato: Test # and variables compared ... [5] ... [6] ... [7] ... [8] ... [9] ... [10] ... [11] ... [12] ... [13] ... [14] ... [15] ... [16] ... [17] ... [18] ... [19] ... [20] January 1998 -December 2008 5 6 8 in situ data after re-griding on the Global Ocean GSM -MyOcean satellite product grid 9 in situ data after re-griding on the Med Regional SeaWiFS RAN -MyOcean satellite product grid 25 1 2 3 Colour (OC) not significant -blue diamond; IS significant (95%) and OC not significant -6 Black square; IS and OC both significant (95%) green triangle; IS not significant and OC 7 significant (95%) blue triangle. ... [42] ... [43] ... [44] ... [45] ... [46] ... [47] ... [48] ... [49] ... [50] ... [51] ... [52] ... [53] ... [54] ... [55] ... [56] ... [57] ... [58] ... [59] ... [60] ... [61] ... [62] ... [63] ... [64] ... [65] ... [66] ... [67] ... [68] ... [69] ... [70] 
